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Abstract approved: 
A  two phase investigation was undertaken in an attempt to 
determine the effects of variations in salinity on the distribution of 
benthic estuarine diatoms.  The estuary studied was that of the Yaquina 
River which originates in the Coast Range of western Oregon and dis­
charges into the Pacific Ocean at the town of Newport,  Oregon.  The 
first phase involved periodic collection of samples of benthic diatoms 
at ten stations along a  transect at the water's edge at low tide extending 
from salt water to fresh water,  a  distance of 20 miles.  Permanent 
microscope slides were prepared ·and counts of 200 valves on each 
slide were made.  The percentage of this total represented by each 
taxon was taken to be the relative abundance.  The six most abundant 
species were selected and their relative abundances graphed.  Synedra 
tabulata was found throughout the estuary but was most abundant at 
the lower three stations.  Navicula tripunctata var.  schizonemoides 
was found at the lower six stations,  Melosira moniliformis was found 
Redacted for Privacyat all stations and experienced a  large increase in August,  1968.  It is 
conjectured that the presence of this large crop of M.  moniliformis 
might explain the decrease in relative abundance of several of the other 
taxa at this same time.  Navicula gregaria was fairly well distributed 
above the lower two stations.  N.  comoides did not occur above the 
fourth station,  but was found almost entirely in the lower estuary.  N. 
viridula var.  avenacea had a  very limited distribution,  being found in 
abundance only at the fifth,  sixth and seventh stations.  This first phase 
of the research also included measurement of environmental factors. 
Temperature of the sediment surface,  salinity and light intensity data 
are presented. 
The second phase of the research involved isolation and culture 
of some strains of benthic diatoms,  and performance of physiological 
experiments on these cultures.  Six strains of one species of Amphora 
and one strain of another species of Amphora were obtained in culture 
, 
and were examined under different combinations of salinity and light 
intensity in a  Gilson Differential Respirometer.  These particular 
strains of diatoms were relatively insensitive to variations in salinity 
but generally showed a  decrease in photosynthetic production in fresh 
water.  Zero light intensity caused a  big decrease,  as expected,  and two 
strains showed a  definite stimulation by the combination of highest 
salinity (30 parts per thousand) and highest light intensity (approximately 
400 f. c.).  The distribution of diatoms is related to variations in the environ:mental conditions of the estuary but a  very co:mplex interaction 
of all of these factors  controls distribution. Salinity as a  Factor Controlling the 
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114 SALINITY AS A  FACTOR CONTROLLING THE 
DISTRIBUTION OF BENTHIC ESTUARINE DIATOMS 
INTRODUCTION 
The environment in an estuary is extremely variable.  Both the 
diurnal fluctuations  of the tide and the seas onal variations of other 
environmental parameters contribute to the variability of the environ­
ment in an estuary.  The prime diurnal variable is salinity.  Diurnal 
variations in salinity are caused by the ebbing and flooding  of the tide. 
Other parameters connected to the tide are current,  water temperature, 
turbidity,  dissolved  gases  and fertility of the water.  With every 
flooding tide a  large increase in the salinity of the estuary occurs. 
Saline penetration during periods of high river dis charge may be in 
the form of a  wedge of seawater under the fresh water,  but this usually 
occurs only in deeper estuaries.  More commonly the seawater mixes 
with the fresh water evenly and causes a  general increase in salinity 
throughout the whole estuary but decreasing steadily with distance 
upstream.  Salinity variation can be caused by factors other than 
dilution of seawater by river water.  When the intertidal zone is 
exposed by low tides,  heavy rains can cause very low salinities. 
Water in tide pools and interstitial water as well can become much 
freshened by rain falling directly on mud and sand flats.  The opposite 
can also happen.  A  mud or sand flat exposed to high temperatures and 
direct insolation when combined with a  little air movement can,  by 2 
evaporation,  be subjected to salinities far above oceanic levels,  and 
can even reach saturation under extreme conditions. 
The current moves in an upstream direction on a  flooding tide 
and during periods of high runoff may move faster upstream along the 
bottom than at the surface.  The current velocity may also vary 
dependent upon the tidal transit of that particular cycle,  so that in a 
cycle with a  large transit there will be greater velocity than in one with 
a  smaller transit.  Surf is usually limited in an estuary but some molar 
actio~ still occurs at the shore from the small wavelets that are 
created by winds or boat traffic.  The temperature of the seawater 
affects the water temperature of the estuary by cooling it when river 
water is warmer and warming it when river water is  cooler.  When 
exposed by low tide the mud and sand flats of an estuarine intertidal 
zone are exposed to the harsh extremes of a  terrestrial habitat. 
Surface temperatures of the sediment follow the air temperatures 
except when exposed to direct insolation.  Then,  due to the dark brown 
color of the mud,  much of the radiation is  absorbed and surface 
temperature can become quite high.  Conversely,  the temperature 
can also dip quite low when the mud flats are exposed at low tide on a 
cold winter night.  The turbidity of the water in an estuary is affected 
by the turbidity of the seawater in much the same manner as is the 
temperature.  Dissolved  gases  remain fairly constant with both depth 
and distance upstream since the water of an estuary does not become 3 
stratified and stabilized for any length of time allowing the water 
column to be well mixed.  Diurnal variations in fertility,  however,  tend 
to be conne cted more with the fertility of the seawater flowing into the 
estuary than to the amount of shallow mud and sand flat and marshy 
areas that occur in the estuary,  since each flooding tide brings a  large 
influx of nutrients with the seawater.  During low flows the river 
contributes little to the fertility of the estuary and nutrient rich sea­
water from coastal upwelling is the main fertilizing agent.  The high 
runoff during the wet, season reduces the amount of seawater entering 
the estuary but that seawater still will act as the main fertilizing agent 
of the estuary because the river water is very low in dissolved solids 
with relatively little fertility. 
Seasonal variations in the salinity in an estuary are largely 
dependent on variations in rainfall.  Heavy rainfall results in high 
runoff and flushing out of the estuary by high river discharge.  This 
causes large and rapid decreases in the salinity.  Several days may 
pass after the rain subsides before the runoff diminishes and the 
salinity in the estuary can recover.  During periods of drought and low 
runoff,  seawater penetrates much further upstream exerting a  saline 
influence in areas that are completely fresh water during the wet 
months.  Current also varies seasonally but the variation is dependent 
on river discharge.  During periods of high discharge the u?stream 
current of the rising tide will be slowed and the down stream current of 4 
the falling tide will be increased by the high runoff.  Water temperature 
in an estuary is dependent on both the temperature of the river water 
and of the seawater.  The temperature of the river water will be colder 
in winter especially in areas where snow melt contributes significantly 
to the stream.  Seawater may be colder or,  as is the case off the 
Oregon coast,  the temperature may actually be slightly warmer in 
winter than in summer.  In the Yaquina estuary,  the temperature of 
the seawater stays fairly constant so if the water of the estuary cools 
much it will be due to a  large influx of cold river water.  Seasonal 
changes in turbidity are mostly due to the suspended particulate matter 
in the river.  The river water during high runoff is muddy and causes 
an increase in the turbidity of the whole estuary.  The water gets 
clearer downstream,  however,  as the muddy river water is diluted 
and as the colloid particles are neutralized by the dis solved electro­
lytes.  Summer turbidity is more closely connected to the clarity of 
the seawater since the river is quite clear in the summer and the rate 
of flow is low. 
In contrast to an estuary a  fresh water stream has many fewer 
variables.  Salinity is essentially zero and varies only a  matter of 
parts per million rather than parts per thousand (ppt) on a  seasonal 
basis and essentially not at all on a  diurnal basis.  The current velocity 
varies only seasonally except in cases of streams running directly out 
of glaciers and snow fields.  Here the flow rate increases during the 5 
day from. m.elt water and subsides at night as the m.elting slows.  Wood­
land stream.s may vary in flow rate diurnally from increased evapo­
transpiration during the day.  Direction of flow rem.ains unchanged 
the year around.  Surf is probably less im.portant in a  fresh water 
stream. than it is in an estuary but there certainly is extensive molar 
and erosive  action from the current.  Water temperature follows the 
daily mean air temperatures and therefore runs colder in the winter 
and warmer in the summer but with relatively little diurnal variation. 
There is essentially no diurnal variation in turbidity but rather it is 
dependent on runoff.  High runoff causes increases in turbidity and low 
runoff causes decreases.  Dissolved gases in fresh water streams 
usually stay fairly constant with depth due to turbulence of streams. 
The lack of stratification insures complete aeration of the water mass. 
Dissolved gases,  however,  are dependent on tem.perature as well as 
m.echanical factors such as turbulence.  Water loses m.uch of its 
capacity to hold gases in solution as it warm.s thus a  stream. that is 
warm.ing will have a  much lower level of dissolved gases than a  cold 
stream..  Fertility of  a  stream. is largely dependent on the nature of the 
lands it drains.  If a  stream originates in a  snow field and runs down 
a  stone and gravel bed then it will be of lower fertility than a  stream 
that meanders through agricultural lands or through a  rain forest. 
Also,  streams that pass near urban areas all too frequently collect 
considerable enrichm.ent. 6 
The intertidal habitat in an outer coast location is extremely 
variable.  Variations in salinity are not due to variations in salinity 
of the sea water so much as they are due to rain or evaporation.  Tide 
pools that,  in summer,  are kept full by seawater spray become very 
saline while in winter they become quite fresh at times from rain 
water.  Evaporation of water from exposed macroalgae also increases 
their salinity.  This happens more in summer than in winter producing 
some seasonal as well as some diurnal effect.  Currents on the outer 
coast are mostly from breaking surf although there is the littoral 
drift current always moving along the coast.  These currents produced 
by the surf and the surf itself are important factors in the distribution 
of macroalgae on the outer coast since a  plant must have a  tremendous 
capability to withstand the forces of the breaking surf.  Water 
temperature is essentially that of the ocean except where evaporation 
may cause some cooling and solar radiation may cause some heating 
of the tide pools and of seaweed stranded by low tide.  Turbidity of the 
water is les  s  affected by silt from a  river than from sand churned up 
by the surf.  This suspended sand probably has little effect on the 
plants of the outer coast and varies little either diurnally or seasonally 
but is connected more to the size of the waves than anything else.  The 
water along the outer coast intertidal habitat is highly aerated and this 
factor again is more connected to the level of surf than either tidal 
level of season.  Fertility varies seasonally but probably not much 7 
diurnally.  The spring phytoplankton bloom depletes the nutrients to 
the point where they become limiting and until mixing or upwelling 
replenishes the supply the fertility remains low.  Mixing and the 
limitation of phytoplankton blooms by light and not nutrients in the 
fall both contribute to the nutrient levels in seawater all winter. 8 
LITERATURE REVIEW 
Over the past 70 years much work and interest has been devoted 
to the ecology of littoral algae.  The factors affecting the distribution 
of these plants have been the subject of many investigations.  The 
main factors that have been investigated are salinity,  light and 
temperature.  The  "exposure factor" of Doty (1946) and others is also 
considered in studies of vertical distribution of macroscopic forms, 
but distribution of marine algae in an estuary or other brackish 
situation is usually thought to be largely controlled by salinity, 
temperature and light. 
Osterhout (1906) noted that the wooden hulls  of steam ships which 
were plying between fresh and salt water supported a  lush algal growth. 
The algae were not only exposed to both sea and fresh water daily but 
also to high temperatures as the hulls dried out while riding high in 
the water after being unloaded.  This high temperature was undoubtedly 
accompanied by high salinities as the water evaporated and yet the 
growth continued.  Osterhout als  0  studied the physiology of these sea­
weeds by observing their survival times when placed in solutions of 
different salts but possessing the same osmotic pressure as sea 
water.  He found some salts to be toxic when tried alone but that 
addition of others lessened the toxicity.  Some marine algae and marine 
animals are able to live in completely fresh water. 
Cowles  (1930) studied the biology of Chesapeake Bay and noted 9 
diatom distribution to be quite well correlated with salinity.  However, 
his data are all observational with no experimental work to support his 
conclusions.  Cowles' conclusions about salinity being an important 
ecological factor are questioned by Allee et al.  (1949) who  state,  "It 
seems reasonable to conclude that salinity does not ordinarily function 
as a  limiting factor for animal populations."  Theil'  interpretation of 
Cowles' data lead to the conclusion that because some marine diatoms 
were found well up into the estuary,  salinity was not a  limiting factor. 
Gessner and Simonsen (1967) found frustules  of marine centric diatoms 
350 kilometers from the mouth of the Amazon River; well beyond the 
marine realm.  These were marine planktonic forms which were 
apparently swept upstream in tidal currents.  The same phenomenon 
was assumed to be responsible for the deposition of marine centric 
forms high in the Yaquina estuary.  Gunter (1961),  a  prolific writer on 
the subject of animal tolerance to salinity,  refutes Allee et al.  and 
supports Cowles' contention that salinity is a  limiting factor.  Gunter 
des cribes an estuary as basically a  modified marine habitat in which 
practically all the organisms are marine; the ones living high in the 
estuary being the more tolerant of low salinity with typically fresh 
water organisms being for the most part excluded from the estuary. 
The stress environment of an estuary causes a  reduction in the num­
ber of species but an increase in numbers of individuals.  Gunter'  s 
thoughts,  however,  refer to animals of estuaries,  not algae. 
Yueno (1957) studied Osaka Bay which has a  salinity range of 9 10 

to 17 ppt.  He found quite sharply defined distributions of the phyto­
plankton that appeared to be connected to temperature and salinity of 
the water.  Stickney (1959) studied the Sheepscot River estuary in 
Maine quite extensively and noted typically fresh,  typically marine, 
and typically brackish diatoms.  Observational data are reported only 
since he didn't study the physiology of the diatoms.  Edsbagge (1965) 
reported on the vertical distribution of the diatoms in three geograph­
ical areas,  noting that typical associations occurring at a  given level 
in the intertidal zone occur at a  different level in another location. 
He didn't consider salinity of the water in his study nor did he do any 
physiological research.  Drum and Webber (1966) reported a  species list 
of benthic diatoms found in a  salt marsh in Ipswich,  Massachusetts. 
They too recognized fresh,  brackish and marine taxa but report only 
observational data.  They did,  however,  discuss the effect of salinity 
on distribution. 
Brown (1915).  an early worker at the Puget Sound Biological 
Station,  ran a  series of experiments in which survival times of different 
species of seaweeds when placed in buckets or tubs of  water of low 
salinity were recorded.  She found some to be tolerant, of low osmotic 
stress  and others to be intolerant.  She concluded that many marine 
algae would do well in fresh water if it weren't for the bacterial 
growth that quickly covered the thalli.  This didn't occur at the higher 
salinities.  Boyle and Doty (1949) observed that some marine 11 
macros copic forms would tolerate lower salinities in colder water than 
in warmer.  They explain the occurrence of some stenohaline algae in 
cold estuaries on this basis.  Braarud (1950) used rate of cell division 
as an index of tolerance for different salinities in some species of 
planktonic diatoms,  coccoliths and dinoflagellates.  Other investigators 
who have utilized rate of division to evaluate an organism's response 
to salinity have been Ryther (1954) studying planktonic greens,  Droop 
(1956) in his crossed gradient experiments,  Gibor (1956) studying the 
nutrition of the phytoplankton in salt ponds and Halldal (1958) who also 
set up crossed gradients in an ingenious series of experiments. 
Other workers using rate of division to measure the effect of salinity 
were Provasoli (1958),  Kain and Fogg (1958).  Jorgensen (1960), 
Hopper (1960).  Eppley (1960),  McLachlan  (1961),  Guillard and 
Ryther (1962),  Iwai (1962),  Jitts,  McAllister,  Stephens and Strickland 
(1964).  Williams  (1964),  Saunders  (1967),  and Smayda (1969). 
Radiocarbon uptake is a  popular,  rapid method of measuring pro­
duction and this method has been used for testing the tolerance of 
planktonic algae to salinity and other variables by many people.  Curl 
and McLeod (1961) used it in their study of the physiological ecology 
of Skeletonema costatum.  Among the parameters tested were 
salinity,  temperature,  light, and  nutrients.  Maximum photosynthesis 
was found to occur at around 15  ppt in enriched medium but at around 
20 ppt in unenriched sea water.  Gold and McLaughlan (1961),  in their 12 
research us ing pure cultures of Glenodinium.  measured radiocarbon 
uptake in several different salinities,  They established standard 
curves and noted deviations when incubation times of 24 and 48 hours 
were used.  Nakanishi and Monsi (1965) used radiocarbon uptake for 
measuring production in low concentrations of cells and Winkler oxygen 
determination in  dense r  suspensions,  They found that phytoplankton 
which normally inhabit the highly variable estuarine environment are 
very euryhaline but organisms found in fresh water are much more 
stenohaline and photosynthesis drops off rapidly in salinities above 
fresh water.  Vosjan and Siezen (1968) compared radiocarbon uptake 
and oxygen evolution in their research into the relationship between 
primary production and salinity in algal cultures.  A  marine 
Chlamydomonas decreased production in low salinities but was tolerant 
of salt concentrations of ten or more ppt above and below normal 
marine salinities.  The fresh water Scenedesmus decreased in 
production very quickly in increasing salinity.  Federov.  Maksimov 
and Khromov (1968) studied the effects of variations in light intensity 
and temperature in their experiments which utilized the uptake of 
radiocarbon as a  measure of photosynthesis.  Four thousand lux was 
not a  saturating light intensity and photosynthesis continued to increase 
with temperature up to and beyond 20  C. 
In addition to those mentioned above,  some studies have utilized 
manometric evaluation of effects of variations in salinity.  Legendre 13 
(1921) found an enhancement in 02 production with a  decrease in 
salinity but that 02 production was inhibited at very low salinities. 
Inman (1921) studied the effe cts of variations in salinity on the 
respiration rates of Laminaria,  while Ogata and Matsui (1965) used 
Warburg techniques ;to measure the effects of salinity on oxygen 
production in Porphyra,  DIva,  Gelidium and Zostera.  Kjeldsen (1967) 
investigated the effects of salinity and temperature variations on some 
attached estuarine macroalgae.  He attempted to explain distribution 
on the basis of salinity and temperature res  ponse.  Blinks  (1951) 
reviewed much of the earliest literature concerning the effects of 
environmental changes on the physiology of algae. 
In general,  the researchers have come up with the same basic 
conclusions.  Marine organisms which normally experience the con­
stant conditions of the open ocean are stenohaline.  Fresh water 
organisms living in streams,  lakes or ponds with low dissolved solids 
tolerate very little change in salinity and organisms which inhabit the 
stress environment of an estuary are euryhaline and tolerant of 
extreme and often rapid fluctuations in concentration of salts.  Kinne 
(1964),  in his des cription of estuaries,  says: 
Ecologically,  most estuaries represent zones of reduced 
competition,  areas in which physical factors,  rather than biotic 
ones,  determine population dynamics.  Many estuarine  organ­
isms appear to have been forced out of physically more 
suitable conditions in sea or fresh water; for them,  the estuary 
represents a  refuge with suboptimal or even subnormal physico­
chemical conditions,  which protects them from predators, 
competitors,  or parasites.  The number of different forms  of 14 
life or of species per space unit is usually much smaller in 
estuaries than in the neighboring marine or freshwater habitats. 
However,  the number of individuals may be quite large, 
especially is the estuary is eutrophic,  which is often the case. 
Consequently,  intraspecific competition is frequently more 
pronounced than interspecific competition. 15 
METHODS AND MATERIALS 
Description of Research Area 
The area studied was the estuary of the Yaquina River (Figures 
1 and 2).  The Yaquina River originates in the coast range and flows 
westward with several large bends and finally dis charges into the 
Pacific at the town of Newport,  Oregon.  A  stone jetty,  designed to 
keep the channel clear,  approximately 3/4 of a  mile long on the north 
side and approximately l/2 that long on the south side,  gives some 
protection to the harbor entrance.  Below the Yaquina Bay Bridge 
crossing,  the estuary narrows and above,  it widens into a  broad bay. 
There are extensive mud and sand flat areas in the bay exposed at 
low tide.  In the upper bay the estuary narrows considerably but the 
channel remains navigable to fishing boats and barge traffic as far 
upstream as the town of Toledo,  Oregon.  The river narrows  again~ 
above Toledo,  and winds up to Elk City.  Oregon.  Considerable 
fluctuation in water level resulting from tides is present at Elk City 
and beyond but there is relatively little influence from salt water this 
far upstream.  At high tide,  the river is navigable for small boats to 
above Elk City.  The distance is approximately 18.5 water miles from 
the bridge in Newport,  Oregon,  to the town of Elk City.  A  detailed 
des cription of Yaquina estuary may be found in Kulm and Byrne (1966). Figure 1.  Map of Pacific Northwest orienting research 
area to Columbia River and Puget Sound. Figure 1.  Map of Pacific Northwest orienting research 
area to Columbia River and Puget Sound. 18 
Sampling Method 
Sampling was restricted to rock substrates only; therefore 
collecting sites were established at locations where this substrate was 
present and reasonably accessible.  Sampling stations were established 
at ten points along the  shores  of  the  estuary.  Station  I  was  located 
on the north jetty approximately 200 yards from the inner end of the 
jetty.  The substrate here was the rock transported to construct the 
jetty.  The rocks were covered with heavy growths of seaweed and it 
was necessary,  when collecting,  to exclude macroscopic forms.  The 
salinity range for the entire period of salinity measurement was 5. 0 to 
35.6 ppt (Figure 3  and Table I).  Station 2  was some small rocks on a 
mud flat below public dock No.  5  in the town of Newport,  Oregon;  1. 3 
miles upstream from Station 1.  Everything at this station was 
covered with a  layer of silt but there were suprisingly few differences 
in the flora.  The salinity range here was from 4. 0  to 35. 6  ppt.  Station 
3  was located 2. 1 miles upstream from Station 2  on some native silt­
stone outcroppings which rise out of a  mud flat about 75  yards off 
Coquille Point.  These rocks abounded with Polysiphonia,  Ulva and 
Fucus and this again presented problems in collecting but macroalgae 
were excluded and materials actually growing on the rock surfaces 
were obtained.  Here the salinity ranged from 3.2 to 35.2 ppt.  Station 
4  was 2.2 miles above Station 3  and consisted of the fill for the bay-side 
highway.  The substrate was small to medium sized rocks with very 40 
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Figure 3.  Extremes in salinity in ppt for the ten sampling stations in Yaquina Estuary. 20 
Table I. 	 Extrem.es in salinity in ppt for the ten sam.pling stations in 
Yaquina Estuary. 
Station  Minim.um.  Average 	 Maxim.um. 
1 	 5. 0  25.2  35.6 
2 	 4.0  25.2  35.6 
3 	 3.2  25. 1  35.3 
4  2. 0  22.5  35.2 
5  O.  0  17. 1  35. 1 
6  o.  0  10.2  32.7 
7 	 0.0  5.5  27.4 
8 	 0.0  4.0  22.8 
9  0.0 	 2.8  14.2 
10  0.0  1.8 	 7.4 
little silt as the currents are swift at this location.  Seasonal salinity 
variations were from. 2.0 to 35. 2  ppt.  Station 5 was 2. 9 m.iles upstream. 
of Station 4,  just off the end of a  stretch of abandoned railroad trestle. 
This station has special significance because here were m.ade m.ea­
surem.ents of sedim.ent surface tem.peratures.  The substrate was 
native siltstone ground down to sm.all gravel and sand.  At this station 
the salinity varied seasonally from. 0.0 to 35. 1  ppt.  Station 6  was 2.8 
m.iles further upstream.,  located just below the town of Toledo, 
Oregon.  The substrate was sand overlaid with a  layer of silt.  Above 
Station 5  there was essentially no m.acroalgae except for a  few sm.all 
strands of Ulva lying on the m.ud at Station 6.  The salinity range here 
was from. 0.0 to 32.7 ppt.  Station 7  was located at the point where 
Mill Creek em.pties into the Yaquina River; 2. 7  m.iles above Station 6. 
The substrate consisted of the boulders form.ing part of the bridge 21 
abutment.  The boulders had a  layer of silt on them which made 
footing treacherous but this area always supported a  lush diatom flora. 
The salinity range was from O.  0  to 27.4 ppto  Station 8  was an addi­
tional 2. 1 miles up river located on a  steep muddy bank at the end of 
a  log boom.  Here the salinity varied from 0.0 to 22.8 ppt.  Station 9 
was three miles further and was a  silt-covered siltstone outcropping. 
At this station,  salinity ranged from O.  0  to 14.2 ppt.  The last station, 
Station 10,  was 2. 3 miles further up river.  It was located approxi­
mately a  quarter mile above the covered bridge at Elk City on the rocks 
of a  shallow riffle area.  This station was sometimes inaccessible 
because during high runoff the station would be under four or five feet 
of water,  even at low tide.  The salinity reached 7.4 ppt here as a 
summer maximum. 
Since it was necessary to perform all sampling at tidal levels of 
-1.0 feet or lower,  it was impossible to sample always during day­
light hours.  It was impossible also to forecast the weather; thus black, 
moonles s  nights and subfreezing temperatures were encountered as 
well as pouring rain and dense fog during both day and night. 
The procedure for collection of samples underwent several 
modifications.  Initially,  once a  month when the tide was -1. 0  feet or 
lower,  three levels at each of the ten stations were collected.  These 
were designated the low tide level,  the mid tide level and the high tide 
level.  The procedure was to take a  knife,  wipe it clean on a  cloth, 22 
uncork a  pre-labeled four dram vial and proceed to scrape the surfaces 
of several rocks,  collecting the scrapings in the vial.  Things such as 
barnacles and macroa1gae were excluded, the intention being to look at 
the epilithic forms and not epizoic or epiphytic diatoms.  The pro­
cedure was modified after about a  year so that only rocks just exposed 
at low tide were sampled.  Confining the sampling to this low tide 
level transect reduced considerably_ the number of slides made each 
month. 
The vials containing the samples were stored in a  cold room in 
Corvallis until sufficient time was available to prepare the slides. 
Preparation of Slides 
Several different procedures for cleaning the samples were tried 
including boiling in concentrated nitric acid,  treatment with hydrogen 
peroxide followed by potassium dichromate and a  largely unsuccessful 
attempt to utilize hydrogen peroxide together with high intensity ultra­
violet light.  The peroxide-dichromate treatment worked best and was 
used for all the slides that were counted.  Preparation consisted of 
transferring samples to 125 m1 beakers and adding approximately 20 
m1 of 30% hydrogen peroxide.  After a  24  to 48 hour digestion during 
which the hydrogen peroxide efferves ced slowly in the beakers,  a  few. 
small crystals of potassium dichromate were added.  This treatment 
gave completely cleaned frustu1es leaving most cells except very 23 
fragile forms intact.  Filaments of Melosira and other filamentous 
forms,  however,  were fragmented by this treatment.  After the some­
times almost explosive reaction between the hydrogen peroxide and the 
potas sium dichromate had subsided the beakers were filled with 
distilled water and the material allowed to settle.  The supernatant was 
decanted and the beakers filled with water four or five times to produce 
a  clean sample ready for mounting.  The density of the suspension 
required for good slides was determined largely by trial.  One ml of 
the suspension prepared from each sample was placed on a  22 mm 
square coverslip and the water evaporated away until the cleaned 
sample settled on the coverslip.  The coverslips were then mounted on 
micros cope slides in Hyrax mounting medium and heated on an electric 
hot plate to drive off the solvent and speed up the hardening of the 
resin.  Excess Hyrax was chipped off with a  razor blade and the slides 
labeled. 
Counting of the diatoms was performed by recording the number 
of valves of each taxon encountered in the first 200 valves examined. 
Admittedly,  this is an abbreviated survey but this project was not 
intended to be a  comprehensive taxonomic study of the benthic diatom 
flora of Yaquina Bay.  The six most abundant diatoms were selected 
and their abundance data are presented graphically in Figures 4-9. 
Pertinent references to literature of diatom toxonomy which do 
not appear in the text are included in the bibliography. 24 
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Figure 4. 	 Relative abundance of Synedra tabulata in Yaquina Estuary 
between September 1967 and February 1969. 
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Figure 5. 	 Relative abundance of Navicula tripunctata var.  schizone­
moides in Yaquina Estuary between September 1967 and 
February 1969. 7 
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Figure 6.  Relative abundance of Melosira moniliformis in Yaquina 
Estuary between September 1967 and February 1969. 27 
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Figure 7.  Relative abundance of Navicula gregaria in Yaquina Estuary 
between Septem.ber 1967 and February 1969. 28 
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Figure 8. 	 Relative abundance of Navicula comoides in Yaquina Estuary 
between September 1967 and February 1969. 
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Figure 9. 	 Relative abundance of Navicula viridula var.  avenacea in 
Yaquina Estuary between September 1967 and February 
1969. 30 
Measurement of Environmental Factors 
Salinity 
Various environmental parameters were measured in the field. 
Of primary concern was salinity.  Isolated salinity measurements are 
meaningless when trying to determine distribution of salinities in an 
entire estuary,  therefore the few salinity measurements taken during 
the determinations of sediment surface temperature are not included 
in the analysis of the salinities.  The possible occurrence of a  sharp 
discontinuity in salinity at some distance upstream was explored by 
sampling the surface water along a  transect,  approximately every 1/2 
mile,  starting 3/4 of a  mile seaward of the Yaquina Bay bridge and 
extending about six miles upstream.  All available salinity data were 
determined hydrometrically and are from quite widely spaced stations 
so if a  steep gradient in salinity did occur,  it might not be shown by 
the existing data.  Two attempts were made to locate such a  gradient,  Qne 
in summer and one in winter.  At each station the boat was anchored, 
a  one pint water sample was taken and a  three point fix of the station 
made by measuring two horizontal angles with a  sextant held on its 
side.  BOuys and shore beacons were used to locate the stations and 
the salinities are plotted against distance upstream in Figure 10.  All 
other salinity data were obtained from continuous recording conduc­
tivity salinometers of the Federal Water Pollution Control Figure lao  Half mile interval salinity transect,  Yaquina Bay,  March 9,  1969 and September 12.  1969. 32 

Administration,  Pacific Northwest Water Laboratory.  The F, W. P. C. A. 
permitted the entire body of raw salinity data that they collected between 
April 1967 and August 1968 to be reprinted and used in this as well as 
other projects.  Seven salinometers were installed initially but the two 
furthest upstream were pulled out after the rains started the first 
year (December 1967).  The remaining instruments were left in place 
throughout the next 16 months and,  with the exception of a  few short 
gaps,  the data is essentially complete.  The computer printout of the 
data was analyzed by hand and the data extracted from it were presented 
as the maximum and minimum salinities for each month.  The average 
of the daily averages was also computed (Figure  11). 
Temperature 
The temperatures of the sediments were obtained by placing 
thermister probes on the sediment surface at one foot vertical intervals 
between low and high tide levels and anchoring them with short sections 
of pipe.  The probes were the general purpose (vinyl tip) type of the 
Yellow Springs Instrument Company and some were equipped with long 
integral leads of up to 100 feet.  The temperature was monitored using 
a  Y. S. 1.  Tele-thermometer model 43 TD and a  model 4002 switch box. 
Seven general purpose probes and one air temperature probe were fed 
into the switch box and readings were recorded every 15 minutes from 
high tide to high tide.  The changes of the temperature as the sediment 33 
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Figure 11. 	 Monthly average salinities in ppt at six stations throughout 
Yaquina Estuary as measured by the Federal Water Pollu­
tion Control Administration between April 1967 and July 
1968. 34 
is exposed and again covered was obtained (Figures  12.  13 and 14). 
These temperature transects were run approximately every four months 
for a  year.  The reason these measurements were performed at only 
four month intervals is that the extreme on one sunny warm day would 
not differ appreciably from the extreme on the next day.  The object 
was to determine the order of magnitude of the  extremes encountered 
during the different seasons. 
Light 
The Oregon State Department of Oceanography made available 
data concerning available records from their continuous recording 
thermopyle located at the O. S. U.  Marine Science Center.  The 
recorder charts were integrated and energies are expressed as 
Langleys per day (Figure 15). 
Culture Methods 
Material for the isolation of diatoms was collected at the same 
time as the material for permanent slides.  Scrapings were collected 
in stoppered four dram vials.  but in this case the vials were filled 
about half full of water from the site.  These vials were brought back 
to Corvallis, and placed in constant temperature water bath shelves in 
the north window in the lab.  The vials were wrapped in foil but open 
at the top.  the idea being to try to induce some upward migration Top of 
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Figure 15  0  Monthly minimum.  maximum and average visible light intensity m  Langleys per day 
between April 1968 and September 1969. 39 
towards the light.  Inocula were either pipetted or removed by a  wire 
loop and streaked on enriched sea water agar in Petti dishes.  The 
sea water was enriched with soil extract,  N0 ,  P0 ,  SiO Fe as y 3 4
sequestrine,  thiamine HCl,biotin and  vitamin B 12.  Eight grams of 
agar per liter of medium was used to prepare the loose almost slurry 
agar (Table II). 
Table II. 	 Concentrations  (mg /1  of sea water except as noted) of the 
components of the modified Erd-Schreiber medium. 
Compound 
Soil extract 
NaH P0
2 4 
NaN0
3 
Na2Si03· 9H2 ° 
Sequestrine (Fe  13%) 
Thiamine H Cl 
Vitamin B12  (Cobalamine) 
Biotin 
Amount 
50 ml 

40 

150 
50 
10 
0.5 
15  gamma 
25  gamma 
Raw sea water collected for use in the laboratory was frequently 
of lower than desired salinity and adjustments were made.  A  sea 
water concentrate was prepared by placing approximately one liter of 
aged sea water that had been filtered through O. 45jJ.  Millipore filter in a 
two liter round bottom flask oia rotary evaporator.  The flask was im­
0
mersed in a  60 c water bath and was evaporated for three to four hours 
under reduced pressure until approximately half of the water had been 40 
removed.  The concentrate had a  salinity of around 60 ppt and was 
stored in two liter flasks until needed.  The salinity of the concentrate 
was determined before use and the amount needed to bring the culture 
medium to standard was calculated from the desired final salinity of 
the medium and the salinity of the concentrate. 
The  inoculated  Petri plates were placed in a  growth chamber at 
15  C  under continuous illumination from cool white fluores cent tubes 
which gave approximately 140 foot candles at the surface of the 
cultures.  During the next few weeks the plates were examined 
periodically under 100x of a  dissecting microscope which was enclosed 
in a  dust-free plexiglass chamber equipped with closures for hand 
entry and flexible couplings around the oculars.  Colonies of rapidly 
proliferating diatoms were scooped out and transferred onto fresh 
plates.  Persistent subculturing eventually produced unialgal cultures 
growing on the enriched sea water agar.  The transition into liquid 
medium was accomplished by cutting out blocks of agar containing 
large numbers of cells and placing these in 125 m! Bellco Fernbach 
culture flasks.  These were placed in the water bath in the north 
window until some visible growth had taken place.  They were trans­
ferred to fresh medium by scraping  the growth free from the bottom of 
the flask with a  sterile rubber policeman and the cells pipetted into 
flasks  of fresh medium.  It was found that when the growth was scraped 
loose that the cells adhered together forming clots of cells which 41 
persisted throughout the course of the experiments.  This growth habit 
facilitated transferring the cultures for,  when the flask was swirled, 
the clots would accumulate in the center of the flask and ve ry rich 
inocula could be pipetted out.  However,  growth under this procedure 
was disappointingly slow.  A  Burrell "wrist-action" shaker was placed 
inside one  of  the  growth  chambers  and  the  cultures  in  500  ml 
Erlenmeyer flasks were agitated for two hours in every 24 hours with 
the amplitude of the shaker set at a  very low level.  A  time clock was 
used to activate the shaker.  This was found to give sufficiently in­
creased biomass to supply the physiological experiments approximately 
once a  month without exhausting the cultures. 
Re spirometry 
The main objective of this portion of the study was to determine 
the role of salinity as a  factor controlling the distribution of benthic 
estuarine diatoms.  As described above,  some benthic estuarine dia­
toms were introduced into unialgal culture.  The method utilized to 
simulate the change s  of salinity in the natural environment was to trans­
fer the cultures into media prepared with various salinities.  The physi­
ological response by the cultured diatoms to these salinities would mani­
fest itself by decreased or increased rates of production of 02 when 
these were measured in a  Gilson Differential Respirometer.  In all 
experiments utilizing the respirometer the following technical data 42 
were kept unchanged:  temperature of the water bath,  15  C;  the 
frequency of shaking action,  100 oscillations per minute; the ampli­
tude of shaking action,  7.5 cm;  illumination at all lamps (approximately 
400 foot candles) except where light intensity was a  variable in the 
experiment; the equilibration period,  one hour.  The reagent in the 
center well of the respirometer flasks during the photosynthesis 
portion of all experiments was  Pardee's buffer.  The recipe was ob­
tained from Umbreit,  Burris and Stauffer (1964).  A  question arose as 
to the concentration of CO maintained in the atmosphere within the
2 
reaction flasks.  The curve of concentration vs proportions of HCl and 
water as given in Umbreit,  Burris and Stauffer is for 38  C  where­
as all these experiments were run at 15  C.  The curve given by 
Umbreit et ale  shows a  CO concentration of one per cent when 2.2 ml
2 
of 6N HCl and 6.8 ml of water are used.  The formula used was as 
above except that 2. 5 ml of 6N HCl and 6.5 ml of water were used to 
prepare the buffer.  It was as sumed that using these proportions of 
HCl and water would correct in part for the lower temperature.  The 
actual concentration of CO in the atmosphere of the reaction flasks 2 
becomes less important when one recall(3 that the main objective of the 
respirometry was to investigate the effects of variations in salinity 
and light intensity. 
One parameter that was determined prior to experimenting with 
any living material in the respirometer was the pH of the medium after 43 
being exposed to the Pardee buffer for sufficient time to become 
equilibrated.  To determine the pH,  three ml of sterile medium were 
placed into each of four Warburg flasks with side arms.  The center 
wells of the four flasks were filled with 0.5 ml of Pardee buffer and a 
fluted filter paper wick inserted.  In each side arm was placed a  piece 
of pHydrion pH paper; in one arm a  piece with pH range of 6. 0  to 8.0 
and in the other a  piece with pH range of 8. 0  to 9.8.  The flasks were 
placed on the respirometer and all but the four channels in use were 
dis connected.  One hour was allowed for equilibration then the operat­
ing valves and manifold valve were closed and the machine run for an 
additional 2.5 hours.  At the end of this time the medium was tipped 
into the side arms.  Color comparis  on with the color standards 
showed that the pH was about 8. 0  which approximates closely the pH 
range of 8. I  to 8.2 of sea water. 
A  total of five series of experiments  was  performed using the 
respirometer.  Each series consisted of seven consecutive days of 
operating the respirometer and two more days during which the last 
weighings and calculations were performed.  A  calendar of events 
involved in running one culture will des cribe the entire procedure. 
On the fifth day following transfer of stock cultures,  three ml aliquants 
of the culture in question were placed in each of 12 reaction flasks. 
The flasks were standard 15 ml Warburg flasks without side arms.  In 
all experiments two flasks were run as control blanks.  In the center 44 
wells of the reaction flasks was placed 0.5 ml of Pardee buffer and a 
fluted,  filter paper wick.  A  one-hour equilibration period was followed 
by aetermination of the production of 02 by photosynthesis for three hours. 
The flasks were removed and the contents of the center well exchanged 
for  10% potas sium hydroxide.  After one hour of equilibration,  oxygen 
consumption was determined during three hours in total darkness.  At 
the end of a  run the contents of each Warburg flask  were harvested on 
tared,  25 mm,  1. 2JJ.  Millipore filters and the filters were placed in a 
dessicator.  After 12 hours they were weighed  again,  place d  in 
marked, tared crucibles and placed in a  muffle  furnace at 500 C  for 
eight hours.  After incineration the weights of the contents  of the 
crucibles were obtained and ash-free dry weights  calculated.  This 
value was used to compute the rate of oxygen production and consump­
tion per milligram of ash-free dry weight (afdw). 
In proces sing the data the values obtained by subtracting the 
original micrometer readings gave an absolute change in volume.  This 
change was then corrected for any change which might have occurred 
in the control blanks.  Finally these values were corrected to standard 
temperature and pressure by applying a  formula derived from one which 
appears in the literature for the Gilson respirometer. 
(Freezing temp.  of water in Kelvin) (Barometric Pressure) 
_-.J.~=="':'='=::""':::"':':"::::;::;':";:::";=:":'::::L...l':::':~==":":':::::::'::!!.::L-_____ =  Multiplying Factor 
(Manometer temp.  in Kelvin) (Standard Barometric Pressure in mm of Hg.) 45 
or 
=  Multiplying factor 
(t + 273)(760) 
where 
P1J  is the barometric pressure in mm of 
Hg at the time the system was closed,  and 
t  is the manometer temperature during the 
time the experiment was run. 
The value of this multiplying factor was usually O.  91  or O.  92 so the 
production values that had been corrected for control were multiplied 
by this factor to obtain values corrected to standard temperature and 
pressure. 
Description of the Experiments 
The first experiment was one designed to get a  concept of the 
reactions of the cultures to 30 ppt salinity while illuminated by all 
lamps in the respirometer.  The second experiment involved four 
different salinities:  three flasks each at 2. 1,  15,  30,  and 45  ppt.  The 
third experiment also dealt with four different salinities:  this time, 
however,  the four salinities were 2. 1,  6.0,  11.0,  and 15  ppt.  The 
fourth experiment dealt with light intensity.  The four different 
intensities utilized were: zero light (0  f.  c. )  (foil wrapped around the 
flasks);  25% (100 £, c. ) and 50% (200 f. c. ) reduction in intensity 
achieved by placing multiple layers of cheese cloth around the flasks 
and 100% (400 f. c. )  of available light.  The number of layers of cheese 46 
cloth neces sary to reduce the light intensity to the 25% and 50% levels 
was determined by placing a  glass aquarium over a  light box and sus­
pending a  125 ml Erlenmeyer flask in it.  The photocell of a  light 
meter was then placed in the flask and on a  trial and error basis the 
number of layers of cheese cloth necessary was established.  The fifth 
experiment involved both light intensity and salinity.  The four light 
intensities used were as above but each of the three replicates at each 
intensity had a  different salinity: 2. 1,  15,  and 30 ppt. 
For each triplicate of flasks  in Experiments II,  III and IV,  the 
mean and 95% confidence interval were computed (Figures 16-36). •• 
47 
RESULTS 

The results of this research are presented in two sections:  first 
the results of the field investigations;  second the results of the labora­
tory experiments.  The field work took place over a  period of 
approximately 2  1/2 years and included monthly trips to collect 
samples of the flora and other visits to perform the measurement of 
environmental parameters.  The experimental work was performed 
during the summer and early fall of 1969 in the laboratories of the 
Botany Department of Oregon State University. 
Results of Field Investigations 
Results of Cell Counts 
The numbers of valves of each taxon in the first 200 valves 
encountered during examination of the prepared slides were recorded 
and utilized to compute relative abundances of the six most abundant 
species of diatoms in the estuary.  The relative abundance of each of 
the six selected species were plotted with the stations on the vertical 
axis,  month of the year on the horizontal axis and the height of each bar 
representing the relative abundance (Figures 4-9).  The six species of 
diatoms were Synedra tabulata (Ag. ) Ktttzing,  Navicula tripunctata var. 
schizonemoides  (V. H. )  Patr.,  Melosira moniliformis (Mull. ) Ag., 
Navicula gregaria Donkin,  Navicula comoides  (Ag. )  Perag.  and 48 
Navicula viridula var.  avenacea  (Br~b ex.  Grun.) V. H. 
Synedra tabulata is tolerant of the low salinities found in the 
upper estuary but doesn't really become abundant except at the lower 
three stations where conditions are quite saline the year around 
(Figure 4). 
Navicula tripunctata var.  schizonemoides was present in appre­
ciable quantities up the river to Station 6 but dropped out almost 
completely above this point.  There is a  time in summer when this 
taxon is present only in very low numbers including a  suppression in 
abundance at Station 1  (Figure 5). 
Melosira moniliformis became very abundant in the late summer 
months but only at Station 3  and above.  Large numbers were present 
even at Elk City in August 1968  (Figure 6). 
Navicula gregaria is quite definitely a  brackish water form that 
shows a  summer decrease in relative abundance much as N.  tri­
punctata var.  schizonemoides.  N.  gregaria was almost completely 
absent from Station 1 and occurred only very sparsely at Station 2. 
From this point up to fresh water it was relatively abundant from early 
spring through summer (Figure 7). 
Navicula comoides is definitely a  marine littoral diatom.  It 
grows in tubular colonies and was most consistently found in abundance 
at Station 1.  N.  comoides did not show much seasonal variation in 
abundance (Figure 8). 49 
Navicula viridula var.  avenacea is a  brackish form which was 
almost completely absent from the flora at Stations  1,  2,  and 3,  very 
rare at 4,  quite abundant at 5  and 6  and decreased again upstream. 
This taxon also became very scarce in fall and winter months (Figure 9). 
Results of Environmental Measurement 
Results of Half-mile Interval Salinity Transects 
Two trips were made to investigate the question whether or not a 
sharp dis continuity in the salinity of the surface water exists with 
distance upstream.  Water samples were collected approximately every 
1/2 mile for about six miles and analyzed hydrometrically for salinity 
(Figure  10 and Appendix Table VII). 
The effects of high runoff are obvious in the data taken on the 
trip in March 1969 (Figure  10). Salinities at low tide were below 30 
ppt even on the ocean side of the bridge and dropped to approximately 
5  ppt less than five miles up river.  At high tide values were 5  to 10 
ppt above the values at low tide but dropped steadily along an upstream 
gradient.  On  12 September,  1969.  much higher salinities.  with values 
above 32 ppt.  were found 6  1/2 miles above the bridge (Figure 10). 
Data were not recorded during the low tide because of dense fog 
conditions that prevailed during the morning hours. 50 
Results of Salinity Measurements 
The monthly maxima,  minima and the averages of the daily average 
salinities were extracted from the F. Wo  Po  Co  A.  salinity data (Figure 
11)0  Instruments were not installed at Charlie's Dock or Elk City until 
September 1967 and were removed when the fall rains flushed all 
traces of sea water out of the upper estuary.  One can extrapolate the 
approximate curves of the data. 
The pattern of seasonal variation in salinity in this estuary is 
very clear (Figure 11).  Considering the salinity stations individually, 
the O. S. U.  Dock showed summertime averages of 34 ppt or above 
dropping to a  low of approximately 16  ppt  during February 1968 and 
then increasing to more than 34 ppt in July 1968.  Sayer's Dock 
exhibited the same summer pattern of steady,  high salinities but 
lower winter time averages and a  little slower recovery during early 
summer.  At Fowler's Dock real seasonal variation began to appear, 
Averages remained high in summer as they did down stream but 
average winter values dropped to five or six ppt with periods during 
which the salinity minima were much lower.  At Critser's Moorage. 
high salinities existed for a  shorter time in summer with averages in 
the upper 20's for  only August and September.  Average salinities in 
winter were very low and recovered more slowly as the river discharge 
subsided.  Burpee had salinities rising to only the high teens during 
August and September 1967,  with the average dropping to zero 51 
immediately.  Salinities just barely rose again by July 1968.  The 
salinities at both Charlie's Dock and Elk City,  of course,  dropped 
abruptly to zero ppt by November 1967  (Appendix Table VIII). 
Temperatures of the Sediment Surface Alons an Intertidal Transect 
Four measurements were made of the variation of the tempera­
ture of the sediment surface during tidal cycles.  Measurements were 
made during April 1968,  July 1968,  October 1968,  and February 1970 
(Figures  12,  13 and 14 and Appendix Table IX).  The data of October 1968 
was not graphed because the tide did not go out as predicted and none 
of the probes were exposed at low tide. 
The April measurements provided the best results of this study 
and will be discussed in the most detail.  The solid lines represent 
the temperatures of the sediment surface recorded by planting 
thermister probes in the surface and recording the temperatures every 
15  minutes.  The broken lines indicate the air temperatures at the 
same times.  A very interesting fact became abundantly clear.  The 
temperature of the sediment surface experiences the harsh extremes of 
a  terrestrial habitat when exposed during low tide.  While submerged 
the temperature of the sediment surface follows the water temperature 
closely,  but when exposed the temperature can vary extremely.  When 
a  probe was exposed its temperature was equal to or above the ambient 
temperature and,  except for being re-covered by the flooding  tide,  it 52 
would have been subjected to highly variable conditions. 
The data for July provided additional interesting information. 
Only the uppermost probe was exposed during that observation but it 
was exposed to direct insolation while uncovered.  The temperature 
of the sediment surface increased to above 30  C  for about three hours 
and then abruptly dropped to the temperature of the water when covered 
by the flooding tide. 
Measurement of Available Light 
The monthly maximum,  minimum and average light intensities 
at Newport,  Oregon were taken from records of the Department of 
Oceanography's pyroheliometer for the period of April 1968 to 
September 1969 (Figure 15).  The data are expressed as Langleys per 
day and presents the variations in light intensity throughout a  year. 
From October to March the light intensities were very low with the 
average for December 1968 being only 25  Langleys per day. 
Results of Laboratory Investigations 
Results of Medium Modifications 
The first attempt to grow estuarine diatoms was successful in 
establishing the fact that the diatoms would grow on enriched sea water 
agar.  The second attempt  led  to the establishment of unialgal cultures 
but growth was very slow in these plates,  so additional enrichment of 53 
the medium was attempted.  Soil water,  vitamin Bl2 and biotin were 
added and these amendments improved growth.  The physiological 
experiments could not be run using materials from cultures growing on 
solid medium so liquid medium was prepared (Table I).  Blocks of 
agar,  cut from the isolation plates,  were then placed in the liquid 
medium and the flasks placed in constant temperature water bath 
shelves in the north window of the lab.  In a  few days the insides of 
some of the flasks became coated with a  thin brown film that adhered 
to the walls of the flask.  This material was scraped loose and sub­
cultured giving rise to the cultures used in the physiological 
experiments. 
Results of Physiological Experiments 
Experiment I was highly successful in providing the approximate 
rate of production that could be expected at a  light intensity of 400 f. c. 
and salinity of 30 ppt (Appendix Table  XI).  Strain No.  I  was 
isolated from Station 2,  No.  2 from Station 5,  and the rest from 
Station 6.  These seven strains were the only ones that showed 
sufficiently rapid growth 'to be usable in the physiological experiments. 
Upon examination of these seven strains,  six of them proved to be of 
one species of Amphora and the seventh,  No.7,  another species of 
the same genus.  It is interesting,  however,  to observe the variability 
between the cultures.  One can only assume the existence of different 54 
physiological races because all strains received identical culture 
conditions and were treated uniformly with no dis crimination in the 
experiments. 
Experiment II involved four salinities,  0,  15,  30  and 45  ppt.  All 
seven strains were treated to the des cribed experimental conditions 
(Figures  16-22 and Appendix Table  XI).  In all strains except No. 's 
5  and 6 the lowest salinity caused suppression of production and 30 
ppt caused enhancement but in No. 's 5 and 6 the production,  except 
for slight differences,  appeared independent of salinity. 
The third experiment produced erratic, results but exhibited the 
same trend.  The four salinities were 2. 1,  6,  11,  and 15  ppt and the 
trend was toward depression of production at the higher salinities,  i. e •• 
11  and 15  ppt.  No.  1  shows a  pronounced effect while No. 's 2,  3,  4, 
5,  6 and 7  all show only slight trends (Figures 23-29). 
Experiment IV used one salinity,  30 ppt,  at four different light 
intensities.  The four intensities were approxim.ately 400,  200,  100 
and 0  f. c.  (Figures 30-36 and Appendix Table  XI).  In most cases 
some inhibition occurred at 400 f. c.  The flasks at 0  f. c.,  of course, 
showed very little production; just a  few microliters per hour per 
milligram of  afdw.  No. 's  1,  2,  3,  6 and 7  all show a  peak in 
production at 200 f. c.  No. IS  4  and 5  both show maximum production 
at 400 f. c. 
The fifth and last experiment was a  crossed gradient experiment 55 
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Figure 16.  Photosynthetic production of diatom strain 1 at 2. I,  15,  30 
and 45  ppt.  Con£idence interval 95%. 5 
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Figure 	 17.  Photosynthetic production of diatom strain 2  at 2. 1.  15.  30 
and 45  ppt.  Confidence interval 95%. 
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Figure 18. 	 Photosynthetic production of diatom strain 3  at 2. 1.  15.  30 
and 45  ppt.  Confidence interval 950/0. 58 
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Figure 19. 	 Photosynthetic production of diatom. strain 4  at 2. 1,  15.  30 

and 45  ppt.  Confidence interval 95%. 
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Figure 20. 	 Photosynthetic production of diatom strain 5  at 2. 1,  IS,  30 

and 45  ppt.  Confidence interval 95%. 
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Figure 21.  Photosynthetic production of diatom strain 6 at 2. I,  IS,  30 

and 45  ppt.  Confidence interval 95%. 
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Figure 22. 	 Photosynthetic production of diatom strain 7  at 2. I,  15.  30 

and 45  ppt.  Confidence interval 95%. 
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Figure 23. 	 Photosynthetic production of diatom strain 1 at 2. 1,  6,  11 

and 15  ppt.  Confidence interval 95%. 
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Figure 24.  Photosynthetic production of diatom strain 2  at 2. 1.  6.  11 

and 15  ppt.  Confidence interval 95%. 
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Figure 	 25.  Photosynthetic production of diatom strain 3 at 2. 1,  6,  11 

and 15  ppt.  Confidence interval 95%. 
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Figure 26.  Photosynthetic production of diatom strain 4  at 2. 1,  6,  11 

and 15  ppt.  Confidence interval 95%. 
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Figure 27. 	 Photosynthetic production of diatom strain 5 at 2. 1.  6.  11 

and 15  ppt.  Confidence interval 95%. 
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Figure 28. 	 Photosynthetic production of diatom strain 6  at 2. 1,  6,  11 
and 15  ppt.  Confidence interval 95%. 68 
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Figure 29. 	 Photosynthetic production of diatom strain 7  at 2. 1,  6,  11 

and 15  ppt.  Confidence interval 95 %. 
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Figure 30.  Photosynthetic production of diatOIYl strain 1 at 0,  100,  200 

and 400 f. c.  light intensity.  Confidence interval 95%. 
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Figure 31.  Photosynthetic production of diatom strain 2 at 0,  100,  200 

and 400 f. c.  light intensity.  Confidence interval 95%. 
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Figure 32.  Photosynthetic production of diatom strain 3  at O.  100.  200 
and 400 f. c.  light intensity.  Confidence interval 95%. 72 
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Figure 33.  Photosynthetic production of diatom. strain 4  at 0,  100,  200 

and 400 f. c.  light intensity.  Confidence interval 95%. 
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Figure 34.  Photosynthetic production of diatom strain 5  at 0,  100,  200 

and 400 £.  c.  light intensity.  Confidence interval 95%. 
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Figure 35  0  Photosynthetic production of diatom strain 6 at 0,  100,  200 

and 400 f. co  light intensity.  Confidence interval 95%. 
75 
50 

40 

10 
o  100  2QO  400 
Light intensity (£.  c. ) 
Figure 36.  Photosynthetic production of diatom strain 7  at 0,  100,  200 
and 400 f. c.  light intensity.  Confidence interval 95%. 76 
and Figures 37 -43 show the data in three dimensional graphs.  Here, 
regardless of salinity,  a  low rate of production was found at the lowest 
light level.  All cultures showed a  similar increase in production in 
going from a to 100 f. c.  for all salinities but beyond 100 £.  c.  the 
higher intensities produced more variable results.  Culture No. 's 2. 
3,  4,  5  and 7  show relatively little effect of salinity on production at 
higher light intensities while No. 's 1 and 6 show an increase in produc­
tion with increase in both light intensity and salinity the highest being 
at 400 f. c.  and at 30 ppt salinity (Appendix Table  XI). / 
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Figure 37. 	 Photosynthetic production of diatom strain 1 at 0,  100,  200 
and 400 f. c.  and 2. 1,  15  and 30 ppt. 
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Figure 38. 	 Photosynthetic produc~ion of diatom strain 2 at 0,  100,  200 
and 400 f. c.  and 2. 1,  15  and 30 ppt. 400  200  100 
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Figure 39. 	 Photosynthetic production of diatom strain 3  at O.  100.  200 
and 400 f. c.  and 2. 1.  15  and 30 ppt. 
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Figure 40.  Photosynthetic production of diatom strain 4  at 0,  100.  200 
and 400 f. c.  and 2. 1,  15  and 30 ppt. 79 
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Figure 41. 	 Photosynthetic production of diatom strain 5  at 0,  100,  200 
and 400 f. c.  and 2. 1,  15  and 30 ppt. 
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Figure 42. 	 Photosynthetic production of diatom strain 6 at 0,  100,  200 
and 400 f. c.  and 2. 1,  15  and 30 ppt. 80 
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Figure 43. 	 Photosynthetic production of diatom strain 7  at 0,  100,  200 
and 400 f. c.  and 2. 1,  15  and 30 ppt. 81 
DISCUSSION 
The single variable that is unique to an estuary is the fluctuation 
in salinity.  It must be this variation that prevents marine phytoplank.­
ton or fresh water algae from living there.  Salinity,  however, 
probably does not act alone as the controlling factor but acts in 
combination with one or more of the other factors such as light 
intensity,  temperature or grazing pressure.  Fresh water and marine 
phytoplankton species,  thus,  are excluded from the estuarine situation 
by the fluctuation in salinity and the estuarine flora is composed of 
species tolerant of rapidly changing salinities. 
Of the researchers that have worked with salinity tolerances in 
algae some have found quite narrow tolerances for variations in 
salinity as did Kain and Fogg (1958) in their research on Asterionella 
japonica and Uyeno (1957) in his work on Osaka Bay.  Others have 
found broader tolerances to variations in salinity such as Osterhout 
(1906),  Brown (1915) and McLachlan (1960).  Guillard and Ryther 
(1962) also found wider salinity tolerance in estuarine phytoplankton 
than either fresh or salt water forms. 
The results of the physiological experiments of the present 
research show that the cultured strains were relatively insensitive to 
variations in salinity and were only affected significantly by the lowest 
experimental light intensity.  This is reasonable,  however,  since 
these organisms would not be living in the estuary if they could not 82 
survive the stres ses of the environment.  The possibility still exists 
that there are salinity sensitive diatoms in the estuary.  The strains 
of diatoms isolated in this research were quite probably the more 
tolerant strains as strains highly sensitive to variations in salinity 
would not be as easily cultured or grow as well.  The quantitative 
distributional data show that there is a  seasonal variation in the dis­
tribution of these benthic diatoms. 
Of particular significance were the results of the second and 
third experiments.  The second experiment showed,  in general,  a 
decrease in production at a  salinity of 2. 1 ppt while in the third 
experiment no general trends became apparent.  The results were 
erratic and sometimes showed an increase in production between 0  and 
15  ppt where the second experiment had showed a  decrease.  The 
reason for this is not immediately clear but one must realize that 
although these experiments involved use of the same strains of 
diatoms they would be nearly depleted with one experiment and then 
grown back up again for the next experiment.  The difference in 
behavior by the same strain of diatom must be related to this.  The 
culture might have been in a  slightly different physiological state or 
medium might have been slightly different or anyone of several other 
possible variables might have been the cause.  The soil extract alone is 
variable enough to cause these different responses by the same strain. 
Summing up the facts,  the physiological data indicate relative 83 
insensitivity except to light,  but the distributional data show variations 
related to salinity.  This apparent discrepancy can be accounted for in 
two possible ways.  First the culture effort failed to isolate any of the 
sensitive strains,  and second,  the controlling factor is a  combination 
of variables  which might include light intensity,  tempe rature and 
grazing pressure as well as salinity.  Other factors that might exert 
an influence on diatom distribution are turbidity,  content of specific 
mineral ions of the water,  and light intensity.  Penetration of light 
into the water is very important and depends not only on the transpar­
ency of the water but also on the angle of the  sun.  Certain dissolved 
substances may affect the quality of the transmitted light which 
reaches the intertidal habitat when submerged. 
The effect of temperature was not investigated in this research 
but the main effect of higher temperatures is to increase rates of 
respiration and photosynthesis up to a  point.  Beyond that further 
increases in temperature become detrimental.  Measurements of the 
temperature of the sediment surface have  shown that when the inte r­
tidal zone is exposed to direct insolation at low tide the temperature 
of the sediment surface can rise above  30 C.  This is probably not 
detrimental to the diatoms but reduce s  the capacity of the interstitial 
water to hold gases in solution.  Animals living in the sediment could 
suffocate easily under these conditions.  The temperature minima 
experienced by the intertidal sediments are also probably not seriously 84 
detrimental to the community of diatoms.  Temperatures would have 
to fall well below freezing to actually result in the freezing of the 
protoplasm of the diatoms and when the tide came back in the 
temperature of the sediment would rise to approximately that of the 
water.  Low temperatures would slow the rates of respiration and 
photosynthesis but would not be harmfuL 
Fertility of the water is a  highly complex matter eventually 
involving the entire biomass.  Water of low fertility supports relatively 
little growth of primary producers and thus relatively little develop­
ment of populations  of consumers.  If the water is high in nutrients, 
however,  lush algal growth can take place.  This,  in turn,  permits 
greater development of populations of grazers and subsequent develop­
ment of larger populations of consumers at higher levels in the food 
chain.  When this happens in the open ocean or in a  lake most of the 
available nutrients become tied up and depletion takes place causing 
m.ass mortality of organisms.  Their bodies sink out of the photic 
zone and are decomposed by bacteria releasing the nutrients again but 
below the photic zone.  Mixing or upwelling can replenish the nutrients 
to the photic zone and the cycle can begin again.  In an estuary the 
fertility of the water depends largely on that of the sea water flooding 
into the estuary on a  rising tide.  If an estuary drains large marshy 
areas there will be some input of nutrients from this source and this 
should remain fairly steady throughout the summer months whereas 85 

the fertility of the tide waters depends  on the fertility of the ocean at 
that time.  There is probably less actual depletion of nutrients by large 
concentrations of plant material in the intertidal habitat than there is 
in the open ocean but the interstitial water may become depleted during 
low tide on a  bright day.  The nutrients would tend to be replenished and 
any staling products of metabolism would be diluted by the flooding 
tide waters.  Rivers and estuaries also often receive an additional 
enrichment from industrial and domestic sources.  This type of input 
is usually fairly constant the year around except in cases where a 
heavy enrichment is added from some seasonal industrial operation. 
Light intensity and angle of the sun are of great importance in 
the general environmental condition of an estuary.  Low light intensity 
as on overcast days and low angle of sun cannot but have a  considerable 
effect on the biota of the estuary.  Low light and low angle of sun,  when 
the sun is unobscured,  also results in shallower penetration into the 
water.  High runoff results in turbid water which als  0  lessens penetra­
tiona  Winter light levels cause a  reduction in plant growth and 
therefore reduction in available food supply for the entire food chain. 
An additional and very important factor that undoubtedly exerts a 
considerable influence on diatom distribution is competition.  Inter­
and intraspecific competition among the diatom populations may well 
cause seasonal patterns to develop.  Benthic diatoms need surfaces to 
colonize and when one species of diatom becomes very abundant it may 86 
reduce other species of diatoIns siInply because there is no suitable 
space for attachInent.  Being plants,  diatoIns are the beginning of the 
food chain involving Inany different organisIns.  For this reason benthic 
diatoIns and other benthic Inicroalgae are of extreme iInportance.  A 
very important factor affecting the distribution of diat0Ins is grazing. 
NUInerous aniInals feed on the benthic algae and especially the diatoIns 
and the populations of these grazers are very dynamic.  Given the 
proper conditions a  treInendous population of a  certain grazer can 
develop and Inore or less cOInpletely eliIninate the entire plant bioInass. 
If,  however,  this grazer is Inore sensitive to low salinity than the 
diatoIns it feeds  on,  then heavy rains could reduce the nUInber of 
grazers and allow the diatoIn population to increase. 
Of the six species of diatoIns for which the relative abundances 
were cOInputed,  Synedra tabulata was very abundant at Stations  I,  2 
and 3  and,  although not abundant,  was present all the way to Station 
10 quite regularly.  This species  grew  better in a  Inore Inarine 
environInent but is obviously tolerant of fresh water and grew through­
out the entire estuary.  It is logical then that this taxon would not 
exhibit Inuch seasonal effect on relative abundance.  Navicula tri­
punctata var.  schizoneInoides was  cOInpletely absent in the upper 
estuary and sh0wed a  definite decline in SUInIner when it forIned only a 
sInall percentage of the comInunity during June,  July and August 1968 
at all stations.·  These are the most productive Inonths when river 87 
water is warmer and upwelling off the coast makes the sea water rich 
in nutrients and yet N.  tripunctata var.  schizonemoides became quite 
scarce during this time.  There was,  however,  a  considerable increase 
in the relative abundance of Melosira moniliformis during the late 
summer months.  The presence of large masses of Melosira may have 
been one reason for the decrease in abundance of several of the other 
species.  Navicula gregaria,  N.  comoides and N.  viridula var. 
avenacea all showed similar decreases in relative abundance in the 
late. summer. 
N.  gregaria did well in the mid- and upper estuary but was very 
scarce at Stations land 2.  This distribution could have been caused 
by interspecific competition with some other diatom,  one like N. 
comoides,  that had a  distribution limited to the lower two or three 
stations or there could have been increased pressure from some 
grazer that existed in abundance only in the lower bay.  N.  comoides 
produces tubular colonies,  however,  and probably doesnIt enter into 
interspecific competition for habitable surfaces because of this habit 
of growth.  It creates its own living space by secreting additional 
amounts  of the firm mus cilaginous matrix in which the cells are 
embedded.  N.  viridula var.  avenacea was limited to Stations 5,  6  and 
7  with a  scattering of occurrences upstream.  This taxon exemplifies 
a  limited distribution;  one which could be due to a  salinity effect.  It is 
also possible that this taxon is heavily grazed by a  particular grazer 88 
further downstream so it is really impossible to state whether or not 
this is truly a  salinity effect.  Certainly  the physiological data indicate 
a  broad tolerance to variations in salinity for these estuarine diatoms 
but again it is also possible that the cultured strains used in this 
research were tolerant forms themselves and showed relatively little 
salinity effect.  The distribution of the cultured strains in the estuary 
as determined by actual cell counts showed that these species of 
Ampho.!a were highly tolerant of environmental variations because. 
although found only rarely.  they occurred throughout the entire estuary 
the year around.  The abundance data for these taxa were not included 
because of the very low relative abundance it represented. 89 
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tion to salinity and cell size.  Ecology 45(4):877-880. APPENDIX  Appendix Table 1.  Relative abundance of Synedra tabulata in Yaquina Estuary between September 1967 
and February 1969. 
Month of  Station 
collection  1  2  3  4  5  6  7  8  9  10 
Sept.  67  5.09  1. 71  37. 31  3.41  2.38  1. 87 
Nov.  75.81  19. 18  24. 18  3.96  6.25  11. 50  2.36 
Dec.  26.41  30.88  27.44  5.52  0.90  2.84 
Jan.  68  60.50  4.26  12.44  2. 14  0.93  0.49 
Feb.  22.88  1. 97  50.48  3.86  0.47  9.75 
Mar.  93.54  0.46  0.44  0.49  4.22  3.66 
Apr.  11. 39  8.25  22.50  3.88  2.84  0.46  0.83 
May  28.09  2.33  60.96  NC  4. 16  2.40  2.45  1. 86  1. 63  NS 
June  17.88  4.26  12.76  1. 99  2.60  10. 90  NS  1. 78 
July  13.39  31. 13  39.52  3.77  11. 38  0.34  1. 31  5.85  0.99  NS 
Aug.  50.00  1. 50  12.00  2.45  1. 25  6.55  1. 52 
Sept.  52.70  41. 74  21. 46  3.48  1. 84  NC  0.99  O.  94  NC 
Oct.  52.58  29.26  13. 96  6.89  1. 35  NC  0.98  NC 
Nov.  NC  14.00  55. 71  1. 48  0.81  0.49  0.40  NC 
Jan.  69  27.66  NC  18. 13  NC  NC  0.48  0.97  NS 
Feb.  23.05  4.47  11. 29  0.50  0.48  NC  3.92  NS  NC 
NC =  not counted  -.D 
~ NS  =  no slide Appendix Table II.  Relative abundance of Navicula tripunctata var.  s chizonemoides in Yaquina 
Estuary between September 1967 and February 1969. 
Month of  Station 
collection  1  2  3  4  5  6  7  8  9  10 
Sept.  67  11. 10  20.60  6.00  6.34  15.20  30.51  o.  93 
Nov.  0.93  1. 98  3.25  20.79  50.89  13.27 
Dec.  3.77  19. 61  3.60  5.06  2.70  48.34 
Jan.  68  10.50  51. 18  1. 60  12.44  5. 11  9.26 
Feb.  14.83  32.01  4.50  4.32  47.34  0.47 
Mar.  1. 38  o.  93 
Apr.  6.75  35.77  2.50  8.00  30.85  o.  92 
May  1. 23  11. 68  4.38  NC  7.91  3.25  NS 
June  5.04  4.26  4.28  2.55  2.48  1. 73  2.27  NS 
July  2.67  2.35  4.05  1. 86  3.46  NS 
Aug.  9.43  3.00  8.36  1. 74 
Sept.  14.41  5.82  4.87  14.92  0.46  NC  NC 
Oct.  5.16  1. 46  9.66  25. 12  46.50  NC  NC 
Nov.  NC  7.24  12. 38  9.90  28.27  29.70  NC 
Jan.  69  13.59  NC  4.03  NC  NC  NS 
Feb.  0.59  14.92  2.29  38.00  9.70  NC  NS  NC 
NC =  not counted 
-.D NS  = no slide  U1 Appendix Table IlL  Relative abundance of Melosira moniliformis in Yaquina Estuary between 
September 1967 and February 1969. 
Month of  Station 
collection  1  2  3  4  5  6  7  8  9  10 
Sept.  67  41. 90  57.61  26.76 
Nov.  0.49  10. 23  0.49  8.92  3.53 
Dec.  0.47  37. 63  5.52  2.36 
Jan.  68  2.36  47.34 
Feb.  21. 63  0.96  1. 44 
Mar. 
Apr.  31. 50  1. 94  1. 42 
May  NC  37.08  5.61  NS 
June  33.06  76.59  10.44  5.21  4.54  NS 
July  0.44  0.94  10.81  15.04  59.40  37.02  0.43  0.48  NS 
Aug.  64.00  89.21  89.53  86.46  38.40  78.32 
Sept.  4.56  18. 53  1. 49  93.54  NC  47.26  19.80  3.30  NC 
Oct.  0.46  53. 17  5.46  1. 97  48.86  NC  48.29  3.44  NC 
Nov.  1. 93  2.97  1. 22  0.46  0.80  NC 
Jan.  69  27.66  NC  64.65  0.49  NC  NC  36.40  3.88  NS 
Feb.  28. 14  8. 95  70. 18  0.50  NC  1. 96  NS  NC 
NC =not counted 

NS  =no slide  0' 

-.0 Appendix Table IV.  Relative abundance of Navicula gregaria in Yaquina Estuary 
between September  1967 and February 1969. 
Month of  Station 
collection  I  2  3  4  5  6  7  8  9  10 
Sept.  67  O.  92  12.93  6.82 
Nov.  3.25  2.97  7.40  0.49 
Dec.  6. 13  4.41  0.46 
Jan.  68  1. 26  5.68  28.91 
Feb.  18.64  4.00 
Mar. 
Apr.  5.48  0.91  14.00 
May  44.62  2.33  14.03  NC  NS 
June  14.72  NS 
July  33.48  2.83  9.79  75.94  NS 
Aug.  16.03  3.00 
Sept.  NC  NC 
Oct.  17.37  9.24  0.49  NC  NC 
Nov.  NC  NC 
Jan.  69  5.80  NC  75.78  NC  NC  NS 
Feb.  26.64  0.99  O.  91  0.50  0.48  NC  3.92  NS  NC 
NC = not counted 
NS  = no slide  -.J 
-.0 Appendix Table V.  Relative abundance of Navicula comoides in Yaquina Estuary between September 
1967 and February 1969. 
Month of  Station 
collection  1  2  3  4  5  6  7  8  9  10 
Sept.  67  o.  95  2.81  1. 86 
Nov.  3.57  8.84  7.58 
Dec.  12.79  4.90 
Jan.  68  8.53  0.80  8.58  38. 13  29.26  20.89 
Feb.  2.88  7.72  16.26  0.99 
Mar.  33. 92  76.61  0.93  1. 83  25.00 
Apr.  34. 12  17.12  4.58 
May  1. 40  NC  8.75  12. 19  13.72  58. 13  9.38  NS 
June  7.75  0.39  6.46  50.43  11. 36  NS  70.56 
July  2.79  0.34  7.42  14.60  6. 93  NS 
Aug.  0.87  2.35  1. 90  3.19 
Sept.  0.97  1. 49  NC  0.49  0.47  0.47  NC 
Oct.  1. 26  6.40  NC  0.48  1. 47  9.56  NC 
Nov.  NC  0.48  2.85  27.22  13. 11  13.86  10.04  38.09  8.40  NC 
Jan.  69  0.48  NC  NC  NC  5.82  8.79  NS 
Feb.  0.99  0.50  5.82  9.80  NS  13.23  NC 
NC =not counted 
-.D 
NS  =no slide  00 Appendix Table VI.  Relative abundance of Navicula viridula var.  avenacea in Yaquina Estuary 
between September 1967 and February 1969. 
Month of  Station 
collection  1  2  3  4  5  6  7  8  9  10 
Sept.  67  0.48  1. 90  2.81  O.  93 
Nov.  0.89  7.07  4.73 
Dec.  4.26  0.49 
Jan.  68  0.42  6.04  29.26  4.47 
Feb.  61.24 
Mar.  1. 96 
Apr.  24.17  69.44  6.25 
May  NC  3.75  48.37  38.72  2.32  2.42  NS 
June  0.99  12.60  1. 81  NS  0.44 
July  4.95  0.34  0.87  3. 96  NS 
Aug.  0.49  0.41  1. 41  1. 14  0.45 
Sept.  0.49  NC  2.48  0.99  NC 
Oct.  NC  0.48  0.49  0.47  NC 
Nov.  NC  NC 
Jan.  69  o.  93  NC  NC  NS 
Feb.  0.99  0.50  65.04  NC  10.78  NS  2.45  NC 
NC = not counted 
-.0 NS  = no slide  -.0 100 
Appendix Table VII.  Half-mile interval salinity transect,  Yaquina 
Bay,  March 9,  1969 and September 12,  1969. 
March triE  SeEtember triE 
Station  High tide 
Dist.  Sal. 
Low tide 
Dist.  Sal. 
High tide 
Dist.  Sal. 
1  -0.75  33.8  -0.48  26. 1  0.3  35.8 
2  0.00  32. 9  -0. 13  24.2  0.8  35. 1 
3  0.29  ·30.2  0.35  24. 1  1.3  35.5 
4  0.47  24.4  0.75  22.6  1. 86  35.5 
5  1. 79  27.7  1. 14  18.8  2. 31  35.5 
6  2. 33  1. 72  17. 0  2. 67  35.4 
7  2.78  24.2  2.40  14.4  3. 14  35. 1 
8  3.24  22.5  3.06  13. 9  3.56  34.9 
9  3.76  19.5  3.50  11. 9  3. 91  35. 1 
10  4. 11  22.2  3.78  10.3  4.33  34.6 
11  4.66  14.0  4. 11  9.7  4.89  34.8 
12  4.53  9.6  5.74  33. 9 
13  4.88  6.2  6.20  32.9 101 
Appendix Table VIII. 	 Monthly minimum,  maximum and average 
salinities in ppt at seven. stations throughout 
Yaquina Estuary as measured by the Federal 
Water Pollution Control Administration between 
April 1967 and July 19680 
Minimum  Average  Maximum 
00 So  Uo  Dock 
Original 
April 67 
May 
June 
July 
August 
September 
October 
November 
December 
January 68 
February 
March 
April 
May 
June 
July 
1908 
20.7 
29.2 
31. 3 
31. 9 
28.7 
19.8 
25. 1 
7.5 
9.6 
4.0 
10.2 
16.9 
22.8 
12.5 
31. 4 
27.85 
31. 49 
32.73 
35.32 
34.37 
32. 18 
32.52 
30.26 
20.87 
20.08 
16.45 
20.55 
28.87 
31. 83 
30.12 
35.97 
32.9 
36.4 
36.5 
38.4 
37.6 
34.9 
35.6 
34.8 
35.3 
27.3 
26.0 
31. 9 
37.5 
37. 9 
37.9 
41. 9 
Corrected 
April 67 
May 
June 
July 
August 
September 
October 
November 
December 
January 68 
February 
March 
April 
May 
June 
July 
17.7 
18.7 
25.5 
27.3 
27.7 
25. 1 
18. 0 
22.2 
7.5 
9. 6 
4.0 
10.2 
15.6 
20.2 
12.0 
27.3 
24.45 
27.43 
28. 18 
30.51 
29.74 
27.96 
28.24 
26.41 
18.97 
18. 16 
15. 13 
18.64 
24.61 
27.67 
26.30 
31. 06 
28.5 
31. 4 
31. 5 
33.0 
32.4 
30. 1 
30.7 
30.7 
30.5 
24.0 
22. 9 
27.7 
32. 3 
32.6 
32.8 
35. 9 
(Continued on next page) 102 
Appendix Table VIII.  (Continued) 
Minimum  Average  Maximum 
Sayer's Dock 
April 67  14. 1  23.72  32.8 
May  16.6  29.68  34.0 
June  21. 4  31. 41  33.6 
July  26.4  32.63  35.3 
August 
September 
October  16.2  30.93  32.7 
November  19. 1  29.76  32.8 
December  5. 1  18.79  31. 4 
January 68  8.0  22.36  31. 6 
February  2.6  16.26  32.2 
March  5.8  19.56  30,3 
April  10.8  23.45  33. 1 
May  19.4  27.24  32.6 
June  8. 9  24.42  32.2 
July  25.7  29.96  33.5 
Fowler's Dock 
April 67  1.9  11. 56  19. 7 
May  7.7  17.72  28.6 
June  15. 7  24.51  31~5 
July  21. 6  30.26  35. 1 
August  23.0  31. 21  35.2 
September  23.2  29.89  33.5 
October  5.9  25. 10  32.4 
November  5.7  18.45  28. 1 
December  0.3  10.77  24.8 
January 68  0.3  11. 16  25.7 
February  0.4  6.64  20.8 
Criteser's Moorage 
April 67  0.5  5.30  12. 6 
May  2.8  11. 89  22.4 
June  11. 4  18. 96  26.2 
July  15.4  25.31  32.8 
August  22. 1  29.35  33.6 
September  22.9  28.09  34.0 
October  0.8  17. 60  27.5 
(Continued on next page) 103 
Appendix Table VIII.  (Continued) 
Minimum  Average  Maximum 
Criteser's Moorage (continued) 
November 67  2.4  11. 98  19.9 
December  O.  1  3.00  13.4 
January 68  0.2  5. 11  19.0 
February  0.0  3. 16  13.8 
March  O.  1  4.77  17.6 
April  0.2  7.39  16.7 
May  1.2  12. 10  22.8 
June  0.2  9.31  20.4 
July  10.0  18.37  25.6 
BurEee 
April 67  O.  1  0.20  O.  6 

May  O.  1  1. 63  8. 1 

June  O.  1  4.80  14.2 

July  0.7  12. 12  22.9 

August  6. 1  17.35  25. 1 

September  10. 9  19.06  25.4 

October  O.  1  8.73  24.9 

November  O.  1  1. 13  5. 5 

December  O.  1  O.  17  4.5 

January 68  O.  1  O.  14  3. 3 

February  0.0  O.  15  1.5 

March  0.0  O.  14  3.2 

April  0.0  0.20  1.7 

May  0.0  1. 14  7.5 

June  0.0  0.72  6. 1 

July  0.0  4. 18  13.2 

Charlie's Dock 
September 67  6.9  12.67  19. 6 
October  O.  1  3.39  19. 3 
November  0.0  O.  16  1.9 
December  0.0  O.  10  O.  1 
Elk Cit~ 
September 67  O.  1  2.97  8.4 

October  0.0  0.30  7.4 
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Appendix Table IX.  Temperature of the sediment surface 9Jl April 7,  1968,  July. 18,  1968,  October 
13,  1968 and February 13,  1970. 
Probe 
Time  100 ft.  80 ft.  60 ft.  40 ft.  40 ft.  20 ft.  10 ft.  Air 
Aeril 71  1968 
0800 
0900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
11.3 
11.2 
11.5 
11.5 
12.0 
12.0 
12.0 
12.0 
11. 7 
12.0 
12.0 
12.0 
12.0 
11.3 
11.0 
11.5 
11.5 
12.0 
(13.0) 
(15.0) 
(14.0) 
12.0 
12.0 
12.0 
12.0 
12.0 
10.4 
11. 0 
11.5 
11.5 
12.5 
(15.0) 
(15.0) 
(13. 5) 
(12.3) 
12.0 
12.0 
12.0 
12.0 
10.0 
11.0 
11. 2 
11.5 
(15. 2) 
(16.0) 
(14. 5) 
(13. 5) 
(12.3) 
12.0 
12.0 
12.0 
12.0 
11.0 
11. 7 
12.0 
(15.0) 
(17.5) 
(17.0) 
(16.0) 
(14. 5) 
(13.3) 
(12. 8) 
13.0 
13.0 
13.5 
10.0 
11. 0 
12.0 
(16.0) 
(18.0) 
(17.0) 
(16.0) 
(14.0) 
(12. 7) 
(12.3) 
(10.0) 
11.8 
12.0 
10.0 
11.0 
(13. 8) 
(15.0) 
(15. 5) 
(14. 5) 
(13.5) 
(12.0) 
(11. 5) 
(11.3) 
(9.8) 
(8.8) 
11.5 
9.0 
12.0 
16.0 
17.5 
15.0 
14.0 
13.0 
12.0 
11. 0 
11. 3 
9.5 
6.5 
6.0 
lulr 181  1968 
0900 
1000 
1100 
1200 
1300 
1400 
1500 
20.0 
20.0 
21. 0 
21. 5 
22.0 
21. 0 
21. 0 
20.0 
20.0 
21.0 
21. 5 
22.0 
22.0 
21. 0 
20.0 
20.0 
21. 0 
21. 5 
22.0 
22.0 
21.0 
20.0 
20.0 
21. 0 
22.0 
22.0 
22.5 
21.0 
20.0 
20.0 
21.0 
22.0 
22.0 
22.5 
22.0 
20.0 
20.0 
21.0 
23.0 
24.0 
23.5 
22. 5 
20.0 
20.5 
22.5 
(30.0) 
(32. 5) 
(32.0) 
24.0 
16.0 
21. 0 
25.0 
24.0 
24.0 
23.5 
26.0 
October 131  1968 
0800 
0900 
1000 
1100 
1200 
13.0 
14.0 
15.0 
15.0 
14.5 
13.0 
13.0 
13.0 
13.0 
13.0 
13.5 
13.0 
13.0 
13.0 
13.0 
13.0 
12.5 
12.5 
13.0 
13.0 
12.0 
13.0 
13.0 
13.0 
13.0 
12.0 
12.5 
13.0 
13.5 
14.0 
12.0 
12. 5 
13.0 
14.0 
14.0 
9.0 
12.0 
14.5 
15.0 
15.5 
Febru2l: 1311970 
0700 
0800 
0900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
8.0 
9.0 
9.0 
(14.0) 
(21. 0) 
(22.0) 
(22.0) 
11. 0 
11. 0 
10.5 
8.0 
9.0 
9.0 
(15.0) 
(20.0) 
(21. 0) 
(22.0) 
(20.0) 
11.0 
10.5 
8.0 
9.0 
9.0 
(15.0) 
(21. 0) 
(22.0) 
(24.0) 
(21. 0) 
11. 0 
10.5 
8.0 
9.0 
(11.0) 
(15.0) 
(20.0) 
(24.0) 
(25.0) 
(19.0) 
(15.0) 
10.5 
8.0 
(6.0) 
(11.0) 
(15.0) 
(19.0) 
(20.0) 
(21. 0) 
(16.0) 
(14.0) 
(11. 0)  , 
(5.0) 
(6.0) 
(11.0) 
(15.0) 
(18.0) 
(21. 0) 
(20.0) 
(17.0) 
(14.0) 
(11. 0) 
(5.0) 
(6.0) 
(11.0) 
(15.0) 
(18.0) 
(20.0) 
(22.0) 
(15.0) 
(13.0) 
(11.0) 
4.0 
4.0 
9.0 
10.0 
12.5 
15.0 
15.0 
13.0 
12.0 
11. 0 
Parentheses indicate probe exposed. 105 
Appendix Table X. 	 Monthly minimum,  maximum and average visible 
light intensity in Langleys per day between April 
1968 and September 1969. 
Month  Low  Average 	 High 
Apr.  68  45.3  226.8  299. 1 
May  73.2  252.2  375.0 
June  72.0  280.9  359.8 
July  90.0  275.3  432.8 
Aug.  59.4  198.2  299.4 
Sept.  27.0  153.8  387.6 
Oct.  24.0  105.9  183.0 
Nov.  6.0  44.3  llO.4 
Dec.  2. 1  24.9  93.8 
Jan.  69  8. 1  39.0  91. 2 
Feb.  3. 9  65.7  ll9. 1 
Mar.  54.3  132.5  223.0 
(10  observations) 
Apr.  51. 6  163.9  257.7 
May  54.0  228.9  319. 0 
June  82.2  192.7  339.0 
July  102.0  248.7  324.6 
Aug.  97.2  243.5  293.4 
Sept.  38.9  154.8  240.7 106 
Appendix Table XI. 	 Photosynthetic production in m.icroliters of oxygen 
per m.illigram. of  afdw  per hour for experlm.ents 
I,  II,  III,  IV and V. 
Ex,eerim.ent I.  Photosynthetic production of the seven 
strains of diatom.s at 400 f. c.  and 30 ppt. 
Treatm.ent  Strain 
Light  Salinity  No.1  No.2  No.3  No.4  No.5  No.6  No.7 
400  30  17. 11  8.80  53.65  7.30  15.24  12. 95  9. 10 
Ex,eerim.ent II.  Effect of salinity variations from. 0  to 45  ppt. 
o ppt  6.29  15.72  4.55  19.41  10.33  14.95  10. 17 
15  ppt  13.81  22.87  35.33  14.54  10.73  21. 50  21. 23 
30 ppt  21. 91  20.40  38. 16  16.53  10.68  29.66  50.04 
45  ppt  17. 92  15.05  38.59  17.67  13.62  20.78  38.06 
EXEerim.ent III.  Effect of salinity variations from. 0  to  15  ppt. 
o ppt  29.92  22.48  79.44  21. 03  23.54  32. 10  19.95 
6  ppt  23.29  20.64  66.74  21. 29  25.53  30.08  26.31 
11  ppt  20. 15  20.03  48.53  19.04  26.81  30.76  24.09 
15  ppt  29.36  20.87  49.81  16.84  20.69  26.79  24. 13 
Ex,eerim.ent IV.  Effect of light intensity variations from. 0  to 100%. 
o f. c.  2.61  2.01  5.63  3.40  3.28  2. 11  2.72 
100f.c.  29.42  35.28  29.79  21. 21  23.25  20.76  16. 31 
200 f. c.  43.96  35.79  38.47  22.73  31. 77  23.36  23.04 
400 f. c.  22.38  32.35  42.21  24.06  26.80  22.74  15.70 
Ex,eerim.ent V.  Light and salinity crossed gradient experim.ent. 
o f. c.  o ppt  1. 18  3.81  2.09  2.95  4.03  3.50  4.04 
0  15  1. 57  2.72  1. 46  2.08  3.22  5.09  7.08 
0  30  1. 09  4.01  2.46  1. 87  2.44  2.44  4.20 
100  0  43.91  18.75  18.30  27.21  16.29  21. 45  31. 03 
100  15  34. 11  25.87  34. 16  24.62  20.33  24.80  27.22 
100  30  24.97  13. 91  25. 17  24.21  22. 19  21. 23  24.65 
200  0  36.48  23.37  22.00  22.55  17.26  24.79  17.46 
200  15  35.01  27.01  25.37  29.61  42.43  37.25  23.68 
200  30  34.06  14.75  28.31  18.44  17.32  27. 13  23.90 
400  0  21.04  17.52  22.24  15.22  16.54  26. 12  18.85 
400  15  24.70  27.39  39.59  25.36  55.29  19.77  18.32 
400  30  21. 25  17.98  44.84  18. 10  71. 59  19.24  20.99 Figure l. 
Figure 2. 
Figure 3. 
Figure 4 . 
Figure 5. 
Plate I 
"  . Synedra tabulata (Ag. )  Kutzmg 
Navicula comoides  (Ag. )  Perag. 
I Navicula viridula var .  avenacea (Breb.  ex. 
Grun. )  V. H. 
Navicula tripunctata var.  schizonemoides 
(V. H. )  Patr. 

Navicula gregaria Donkin. 
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Plate II 
II 
Figures  1 and 2.  Melosira rnoniliforrnis  (Mull. ) Ag. 108 
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Plate III 
Figure 1.  Navicula grevillei  (Ag. ) Heiberg 
Figure 2.  Navicula s chroeteri var.  es cambia Patr. 
Figure 3.  Navicula normaloides Cholnoky 
Figure 4.  Navicula crucigera (Wm.  Smith) Cleve 
Figure 5.  Navicula directa Wm.  Smith •  •  • 
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4  - Plate IV 

Figure l.  GomEhonema angustatum var,  Eroducta Grun. 

Figure 2,  AmEhora sp. 
Figure 3.  Glrosigma eximium (Thw, )  Boyer 
Figure 4.  Slnedra Eulchella var.  lacerata  (~\~lfs ,  )  " Kutz, 
Figures . 5  and 6.  RhoicosEhenia curvata  (K~tz ,  ) Grun. 110 
,. • 
.. .. , . .- .. - .. -Plate V 
Figure 1.  Nitzschia apiculata (Greg.) Grun. 

Figure 2.  Nitzs chia hungarica Grun. 

Figure 3.  Nitzs chia lorenziana Grun. 

Figure 4.  Nitzs chia angularis  Wm.  Smith 

Figure 5.  Nitzs chia s ocialis Greg. 

Figure 6.  Nitzschia frustulum var.  Eerr~usilla (Rabh. ) 

Grun. 
F igure 7.  Nitzs chia amEhibia Grun. 
Figur e  8.  Nitzschia  claus ii Hantzsch III 
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Plate VI 
Figure  1.  Licrnophora sp. 
Figure 2.  Licrnophora californica Grun. 
Figure 3. 
/
Cyrnbella turnida (Breb. )  V. H . 112 Figure l. 
Figure 2. 
Figure 3. 
Figure 4. 
Figure 5. 
F igure  6. 
Plate VII 
"  Surirella ovata Kutz. 

Diploneis eliptica  (K~ltz. )  Cleve 

Actinoptichus sena rius  Ehr. 

,\
Diploneis interrupta (Kutz. )  Cleve 

Raphoneis  sp. 

Raphoneis  arnphiceros Ehr. 
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4 Plate VIII 

Figure 1.  Surirella gemma (Ehr. )  Ku "  tz. 
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